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Introduction
Most recent attempts to identify the parameters of money demand functions rely on cross-sectional data.
1 This estimation strategy is motivated on the grounds that it is better in tackling identification problems associated with time-series analysis and parameter biases arising from the correlation between technological innovation through time and scale variables. The cross-section procedure assumes that relative prices and productivities that determine the amount of substitution among competing assets does not vary across regions at a point in time or is uncorrelated with income. Cross-sectional measures of money also do not suffer from definitional changes; a phenomena that has plagued many time-series studies.
The paper's objective is to estimate the income elasticity of Swiss money demand based on cantonal data. Particular emphasis is given to heterogeneous levels of financial sophistication across regions. Many money demand studies maintain that financial innovation is responsible for their unstable parameter estimates. 2 Yet, these studies and others have difficulty in finding valid proxy measures for financial sophistication to test their claim.
It is thus not clear whether instability stems from a changing financial environment or a 1 Recent empirical studies, which rely on firm or household data, include Adao and Mata (1999) for Portugal, Bover and Watson (2001) for Spain, and Mulligan (1997a, b) and Reynard (2004) for the United States. Cross-regional studies include Mulligan and Sala-i-Martin (1992) , Fujiki and Mulligan (1996), Fujiki (2002) , Fujiki et al. (2002), and Slok (2002) .
2 See the studies referenced in Lucas (2002) and Mulligan and Sala-i-Martin (1992) for the United States and the Swiss studies discussed in the Appendix.
violation of other time-series properties. This paper attempts to shed new light on the role of financial sophistication for income elasticity.
Cross-sectional studies assume that the banking industry is stable and that variables related to transaction services and rental cost are constant across regions. Therefore, by regressing real money balances on a constant term and real income cross sectionally, the income elasticity of money demand can be estimated because these financial variables are absorbed in the constant. The strategy in this paper differs in that the analysis considers four measures of financial structure to determine if there is evidence of varying levels of financial sophistication across cantons. The first measure looks at the population density of a canton. The argument is that financial sophistication spreads more rapidly in more densely populated areas because of lower networking costs. The second experiment considers the impact of the financial centers, i.e., Zurich, Geneva, and Tessin, on income elasticity versus non financial centers. Under certain assumptions, the financial centers should be correlated with a higher degree of financial sophistication and thus their estimated income elasticities should be lower than those of non financial cantons. The third measure looks at whether the economic structure of a canton (i.e., degree of openness, big bank concentration, income from financial services versus agriculture etc.) has any bearing on the estimates for income elasticity. The last proxy measure of financial sophistication considers the number of automatic teller machines (ATMs) in a canton. A higher level of ATM concentration should be positively correlated with a higher degree of financial sophistication.
Aside from understanding a region's financial sophistication and its influence on the income elasticity of money demand, there are further reasons why the cross-cantonal estimates should be of interest to monetary economist. First, Swiss cantonal data are unique in that price indices and interest rates are available by canton. The empirical setup can thus control for regional differences in prices, interest rates, and changes in nationwide banking laws. The scope for capturing potential biases for the estimation of income elasticity is thus narrowed. Previous cross-regional studies on money demand were unable to test the critical assumptions regarding the interest rate elasticity and regional price differences, because they lacked the necessary data.
Second, the structural analysis of Swiss money demand and regional financial sophistication has interesting policy ramifications for monetary policy in the euro area, which operates in a setting of no common language, no centralized fiscal authority, and several financial centers. While a cross-country analysis for the euro area is vexed by data limitations, the Swiss case offers a microcosm for Europe. The diverse structure of the Swiss economy of four national languages, a high reliance of local taxation, and three financial centers offers parallel features that the European Central Bank (ECB) faces when deciding monetary policy for the euro area.
Third, the number of recent empirical studies relying on geographical diversity is limited to two OECD countries. Mulligan and Sala-i-Martin (1992) estimate income elasticities using U.S. cross-state data.
3 Fujiki and Mulligan (1996) and followup studies by Fujiki (2002) and Fujiki et al. (2002) apply a similar empirical procedure for Japanese prefectural data. Analysis of Swiss cantonal behavior represents an extension of the literature.
The paper is organized as follows. The first section describes the data. The construction of two money measures is discussed in detail. The second section presents the empirical model to be estimated along with several time-series properties of Swiss money demand.
The third section presents the cross-cantonal estimates. The section's main findings are that income elasticity is consistent with Tobin's transactions theory of money demand. The fourth section considers the influence of financial innovation on income elasticity. Various proxy measures of financial structure are found to have little or no influence on the stability of Swiss money demand. The final section concludes.
Description of the Data
This section discusses the definitions of cantonal money aggregates, cantonal income statistics, and various conditioning variables. The annual sample, which dates from 1980 to 1999, is dictated by the availability of the cantonal income statistics. The number of cantons is 26. Although Lichtenstein has been part of the currency union since 1921, it is excluded from the analysis because of a lack of data.
Cantonal M oney Aggregates
To construct cantonal money aggregates I rely on the cantonal deposit data furnished by the SNB's Bankwesen. This data source represents an improvement over previous money demand studies based on cross-regional data. Studies by Mulligan and Sala-i-Martin (1992) for the United States and Fujiki and Mulligan (1996) for Japan relied on data that was not collected in a consistent manner over the estimated sample. 4 Hence, definitional changes in the regional monetary aggregates potentially plague these studies when pooled estimates over time are considered. Instead, the cantonal data is collected consistently by the SNB for the considered sample. fined as M2 plus short-term notes with a maturity of up to five years. Figure 1b plots MC2 and M3. Although the profile of MC2 is slightly smoother than that of M3, the correlation of the two series remains high for it is 0.98 in levels and 0.54 in (ln) first differences.
It is important to note that while MC1 and MC2 have several attractive properties, they are not without deficiencies. First, as in the time-series data, Swiss bank accounts of residents living abroad are included in the cantonal money measure. This would imply that financial centers such as Zurich would be most affected and that the income elasticities for that canton would be biased upward under the assumption that financial sophistication is constant across Switzerland. A second problematic feature of the cantonal money aggregates is that Swiss residents or Swiss firms may not reside or be located in the same canton where they hold their account. This would underestimate the income elasticity of the cantons where the households and firms reside, and overestimate the income elasticity of those cantons where the bank accounts are held. As will be discussed later, the smallest cantons are most likely to be affected.
Cantonal Income and P rice Indexes
The preferred income measure should include the activity of households and firms, because our measure of money includes accounts held by both. The Bundesamt für Statistik publishes the cantonal income accounts, which are the cantonal version of the GDP statistics. Measures for real and nominal cantonal income are available since 1980. From these two series, I generate a cantonal price index.
Cantonal Interest Rates
The SNB's Bankwesen publishes cantonal interest rates on savings accounts and notes.
Since banking laws in Switzerland are uniform across cantons, the cantonal rates should not be segmented because of regulatory decrees. These rates are average rates from cantonal First, the note rate, because of its longer duration, is always higher than the savings rate.
Second, interest rate dispersion is not constant particularly in the latter half of the sample.
Third, the standard deviations do not move together. The level of interest rate dispersion fell for the savings rate during the 1990s, while it increased for the rate on notes. These observations offer a different picture to the interest rate assumptions made in Mulligan and Sala-i-Martin (1992) and Fujiki and Mulligan (1996) . Moreover, if financial innovation is important as the authors of these studies claim, then it is ever more so important that regional interest rates enter their specification.
F inancial Innovation in Switzerland and their M easures
It is difficult to outline all the potential influences of financial innovation on Swiss money demand over the last two decades. Yet two particular events stand out. The first is the combined introduction of new liquidity prescriptions and the Swiss Interbank Clearing A second form of financial innovation stems from a more concentrated banking system.
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The process, which began in the early 1980s, meant that the Swiss big banks increased their market power at the expense of regional and cantonal banks. The Swiss big banks are active nationwide and set reference rates for a range of products. Market segmentation, which arose from the ability of regional and cantonal banks to exploit their local market power, was reduced over time.
The gradual concentration of the banking sector has implications for our cross-cantonal estimates. First, the interest rate elasticity should erode over time. As the degree of geographical segmentation is eliminated by the greater concentration of the big banks, the influence of cantonal interest rates should fall over time. Second, a wider range of banking services offered by the big banks may have generated shifts in portfolio allocation. This 7 See Braun et al. (1999) for a detailed discussion concerning the concentration of Swiss banks.
could result in a reduction in the use of the traditional accounts defined by broad money, which should result in a lower income elasticity over time. To capture the gradual change of financial sophistication across regions and time; the effects of cantonal interest rates, population density, financial centers, the economic structure of cantons, and ATMs on money demand will be investigated empirically in sections 3 and 4.
The Empirical Model
The money demand equation for period t is defined as An important assumption in equation (1) is that the income elasticity is the same for every canton at any particular date. Although Swiss cantons have uniform banking laws, some cantons notably Zurich, Tessin, and Geneva specialize in banking services to residents in other cantons and abroad. Such geographical differences violates the assumption of uniform income elasticities across cantons. A priori it is difficult to make claims regarding the direction of the bias. It is possible that the richer cantons, because they have more professional employees, tend to dominate the banking industry. The data would thus yield more deposits in a rich canton than its residents would demand. In this case, the income elasticity estimates would be biased upward. Alternatively, Mulligan and Sala-i-Martin (1992) argue that richer regional areas can implement more readily the newest technologies, which allow agents to economize on their cash balances. This effect would bias the income elasticities downward.
The regression analysis seeks to understand the quantitative importance of this assumption of uniform elasticities. A comparison of income elasticities obtained with and without cantonal fixed-effects will provide an indicator of the impact of this assumption. In some specifications, I try to capture the differing degrees of financial sophistication by introducing the population density or the share of income originating in the agriculture sector as an explanatory variable. This is meant to capture the possibility that technology diffuses slowly from urban to rural areas.
Empirical Cross-Cantonal Estimates
In this section, I present estimates of income elasticity that deviate sharply from the time-series estimates. The strategy begins with univariate cross-cantonal estimates of the income elasticity of money demand. Thereafter, other conditioning variables are added to test for price homogeneity and the importance of cantonal interest rates. The Appendix provides a review of recent time-series studies that yield coefficient estimates greater than unity for Swiss income elasticity. It also shows that cross-sectional data are able to replicate the time-series results when aggregated over cantons. Table 1 A possible interpretation of the results in Table 1 The second test of price homogeneity regresses real money per capita on nominal GDP per capita and ln(price) and tests whether the coefficient of nominal GDP per capita is equal to the negative in sign of the coefficient on ln(price). The p-value of this test is given in the column of F-test2. The p-value is greater than 0.05 in each case except for the MC1-univariate regression for the year 1980 and the MC1 pooled regression. Overall, the evidence is strong that price homogeneity is not violated.
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Next, the influence of cantonal interest rates is considered. In previous cross-regional studies of money demand, this important structural variable has been excluded because of a lack of data on regional interest rates. Two types of cantonal interest rates are considered:
savings rate and note rate. The savings rate may take on two roles, either as an own rate or as a short-term opportunity cost measure. It is possible that the former (latter) is constant over the cross section, yet the opportunity cost (own rate) varies across regions. The rate for notes is assumed to behave as a long-term measure of capital. The correlation between the note rate and the government bond rate is positive and significant.
The regression results, given in Table 3 , show that the coefficients on the savings and the note rates do not appear stable nor are they significant. The savings rate is significant only for the year 1986 in the MC1 regression. From this I conclude that cantonal interest rates do not deviate sufficiently between regions to warrant additional information. For the remaining regressions in the next section that focus on measures of financial sophistication across cantons, regional interest rates will not be considered.
The Role of Different Levels of Regional Financial Sophistication
The results in the previous section show that the introduction of cantonal prices and cantonal interest rates do not provide additional information in the standard cross-regional money demand function. This result together with the observation from Figure 3 that the income elasticity is stable across time suggests that the potential impact arising from financial innovation was limited during the last two decades. To test this conjecture, additional conditional variables that proxy financial sophistication are considered. It begins by considering the role of population density. Thereafter specific cantons are dropped to test for the influence of financial centers. Then, the role of financial structure (i.e., openness, financial size, etc.) within a canton is investigated. Lastly, the influence of ATMs is considered.
P opulation Density
The population density of a canton represents an attempt to capture differing degrees of financial sophistication. The argument is that financial sophistication spreads more rapidly in more densely populated areas because of lower networking costs. Previous studies by Mulligan and Sala-i-Martin (1992) and Fujiki and Mulligan (1996) show that population density is an important variable in their cross-regional money demand functions.
The cross-cantonal estimates with population density (PD1) are plotted in Figures 4 and 5. The results show that population density and their higher orders (i.e., P D 2 , P D 3 and denoted respectively as PD2 and PD3) raise the point estimates of income elasticity, yet the plotted coefficients of PD1, PD2, and PD3 are never significant at the 5-percent level. From this I conclude that this measure of financial sophistication had little or no influence on the income elasticity of money demand covering the 1980-1999 period.
Dropping F inancial Centers
An alternative test for financial sophistication is to drop Switzerland's financial centers from the sample. This is to control for out-of-canton effects, where residents living abroad or in neighboring cantons have a preference for holding their bank accounts in Swiss financial centers. Three cantons with international financial centers are Zurich, Geneva, and Tessin.
The pooled regressions excluding these financial cantons are presented in Table 4 . They show that the coefficients on income remain close to 0.5. The statistic, F-test1, is unable to reject the null that income elasticity is 0.5. This result is consistent with the view that the impact of foreign residents holding bank accounts in the financial cantons is marginal for parameter estimates of income elasticity.
As an alternative to financial centers, the exclusion of the smallest cantons with a population less than fifty thousand represents a further check of the influence of bank accounts held by outside residents. The considered cantons are Glarus, Obwalden, Nidwalden, Uri, Appenzell AR, and Appenzell IR. Many of the residents from these so-called bedroom cantons may hold their bank accounts in neighboring cantons. If this conjecture is correct in the absence of regional differences in financial sophistication, then the exclusion of bedroom cantons in the pooled regressions should result in an overestimate of income elasticity.
These regressions yield an income elasticity near 0.6 and the 0.5 restriction given by FTest1 is rejected. This somewhat higher point estimate together with the evidence from the financial cantons does not represent strong evidence of varying levels of financial sophistication across the cantons. The evidence, however, suggests that many Swiss residents may hold bank accounts in cantons outside of their domicile.
F inancial Structure
To determine whether a canton's financial structure has any bearing on income elasticity four measures are considered. The variables are the share of big bank deposits to total deposits, the ratio of exports to GDP, the ratio of agricultural income to financial income, and the share of household income to firm income. The first and second measures represent the degree of big bank concentration and the degree of openness of a canton. The assumption is that a higher level of big bank concentration and openness in a canton is associated with a higher level of financial sophistication. This should yield a lower income elasticity. The third ratio between agricultural and financial industry should be negatively correlated with financial sophistication. The higher is a canton's share of agriculture with respect to its financial industry, the lower is the degree of financial sophistication. Again, this implies that the income elasticity should increase. The fourth ratio considers whether the canton's income base is dominated by household or firm income. If it is the latter, then it is assumed that a canton has a higher level of financial sophistication.
The regressions with various measures of financial structure were estimated using IV estimation and lagged variables were used as instruments. The evolution of the income elasticity is plotted in Figures 6 and 7 for the two cantonal monetary aggregates. The income elasticities display a (slight) negative trend. Overall, the elasticities remain close to 0.5. Since the standard errors for income elasticity increase when the measures of financial structure are introduced in the regression, it is still not possible to reject the coefficient restriction of 0.5 for the individual regressions. The measure of a canton's financial structure, however, was always insignificant. From this I conclude that there is no strong evidence that a canton's financial structure influences the income elasticities.
T he Inf luence of AT M s
The number of ATMs in a canton provides an alternative measure of a region's financial sophistication. A higher level of ATM concentration should be positively correlated with a higher degree of financial sophistication. The number of ATMs is introduced as an independent regressor in equation (1). Unfortunately, the location of past ATMs is only known for the year 1998; a time when the market for ATMs was not yet saturated for double digit growth figures were recorded in the previous years. Table 5 records the cross-cantonal estimates with the number of ATMs and two concentration measures: ln(ATM/population) and ln(ATM/cantonal area). The ATM results are insignificant and are consistent with the other proxy measures of financial sophistication.
In each of the cross-cantonal regressions, the ATM variable is insignificant even if the 10 percent critical level is used.
Summary and Policy Implications
The paper's contribution is to present new estimates of income elasticity in light of potential regional differences in financial sophistication. The cross-regional regression analysis for Switzerland relies on a unique data set that entails cantonal interest rates and cantonal prices. The ability to account explicitly for an important structural variable that of interest rates is novel with respect to previous cross-regional money demand studies.
The estimates of income elasticity yield four main empirical results. The first is that the cross-sectional estimates of income elasticity for broad money range between 0.4 and 0.6. Only in exceptional cases is the coefficient restriction of 0.5 for income elasticity rejected. The cross-cantonal estimates do not exceed 0.6 even when alternative conditioning variables are considered in the regression analysis. This estimate for income elasticity reflects a higher degree of financial sophistication than is borne out from the time-series estimates. A second empirical result is that measures capturing differing levels of financial technology across regions have no distinguishable impact on the point estimates for income elasticity between 1980 and 1999. This result is underscored by the insignificance of the cantonal interest rates. A related and third result is that the cross-cantonal estimates for income elasticity are stable not only across regions but also across time. This result reenforces the view that financial innovation did not significantly influence income elasticity for broad money. The fourth result is that the cross-cantonal estimates for Switzerland are at odds with recent cross-regional money demand studies for other countries. Studies by Fujiki and Mulligan (1996) and Mulligan and Sala-i-Martin (1992) find that income elasticity is greater than one and the population density, which acts as a proxy for financial sophistication, is statistically significant in Japanese and U.S. money demand equations.
Neither of these properties hold for Switzerland. A tentative conclusion is that country size matters. Financial sophistication across regions affects large countries more than small countries, even if they are culturally and linguistically diverse as Switzerland.
Several policy conclusions emerge from the above mentioned results. The first concerns identifying an acceptable level of money growth. If per capita output growth proceeds at 2 percent, an overestimate of the income elasticity by 0.5 or 1.0 would result in a higher inflation rate of 1% to 2% instead of the intended level. Policy recommendations based on velocity indicators or time-series estimates for money demand will tolerate a higher level of money growth that is consistent with price stability than those stemming from the cross-cantonal estimates.
The result that the estimates of income elasticity are stable across time and regions offers renewed confidence for money as an important indicator for monetary policy. Although the empirical results do not demonstrate that Swiss money demand is stable, they are consistent with the view that unstable estimates of income elasticity may be a statistical property arising from time-series data.
A further policy implication arising from the cross-sectional estimates is that they are consistent with traditional transactions theory of money demand. This redefines the research agenda for Swiss money demand. If the new cross-cantonal estimates are accepted, it is no longer necessary to rely on conjectures of family decomposition (see Mulligan and Sala-i-Martin, 1992) , the use of the correct scale variable (Baltensperger et al. 2001) , or backward bending labor supply curves (Mankiw, 1992) to justify income elasticities greater than one. While such hypotheses enjoy considerable appeal among many economists, the support for such explanations rests on weak empirical foundations in Switzerland.
Appendix: Time Series Results with Aggregate Cross-Cantonal Data
A stylized fact of Swiss time series studies of broad money demand is that their (longrun) income elasticities are above unity. Table A1 presents an overview of the empirical estimates for the monetary aggregates M2 and M3. With the exception of Belongia (1988) the point estimates for income elasticity lie between 1 and 2. Several studies have suggested that estimates of income elasticity are biased upward through the use of the incorrect scale variable for broad money demand. Kristen-Gerlach (2001) and Baltensperger et al. (2001) argue that wealth rather than GDP income is the preferred variable. Others such as Peytrignet (1996) suggest that problems of a high income elasticity stem from improper price indices. The latter study shows that price homogeneity is not fulfilled in standard cointegration models and that once this restriction is imposed income elasticity falls to an acceptable level near unity. Table A2 presents the estimated the long-run income elasticity using the cross-cantonal data aggregated across cantons. The OLS equation should be treated as the static equation of the cointegration relation. Tests for cointegration were not performed because of the low number of observations. The low R 2 s for many the regressions suggests that the cointegration assumption may be violated. The intention however is to show that the cantonal data are able to replicate the time series estimates for income elasticity given in Table A1 .
The parameter estimates on income for the full sample lie between 1.08 and 1.5 for MC1 and are near unity for MC2. These estimates are consistent with those studies that cover the same or nearly the same sample period. Peytrignet (1996) and Peytrignet and Stahel (1998) . Table A2 also shows that income elasticity is sensitive to sample length and to the variables included in the static equation. This result is consistent with the time series results presented in Peytrignet (1996) . A further result is that price homogeneity is strongly rejected: a feature not fulfilled by time series studies. Notes: Regressions include a constant or time effect, which are not shown. Robust standard errors are given in parentheses. Significance at the 5% level is denoted by *. F-test1, given in brackets, is the p-value of an F-test for the null hypothesis that the income elasticity = 0.5. Notes: Regressions include a constant or time effect, which are not shown. Robust standard errors are given in parentheses. Significance at the 5% level is denoted by *. F-test1, given in brackets, is the p-value of an F-test for the null hypothesis that the income elasticity = 0.5.
F-test2, given in brackets, is the p-value of an F-test for the null that the income elasticity of nominal GDP per capita is equal to the absolute value of the coefficient on log price. in brackets, is the p-value of an F-test for the null hypothesis that the income elasticity = 0.5. Notes: Regressions include a constant or time effect, which are not shown. Robust standard errors are given in parentheses. Significance at the 5% level is denoted by *. F-test1, given in brackets, is the p-value of an F-test for the null hypothesis that the income elasticity = 0.5. Robust standard errors are given in parentheses. Significance at the 5% level is denoted by *. 1980-1999 1980-1995 1986-1999 Continued Table A2 Dep. V ariable : M C2 1980-1999 1980-1995 1986-1999 Table 2 ) is included in the regressions. Consistent heteroscedastic standard errors of the coefficients are in parentheses. Significance at the 5% level is denoted by *. Income is real GDP per capita, Savings rate is the average cantonal savings rate. N ote rate is the average cantonal rate for notes. Inc. Elasticity is the p-value of an F-test under the null hypothesis that the income elasticity is unity.
Homogeneity is the p-value of an F-test under the null that log price is insignificant in the same regression.
